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Summary
The aim of this study was to evaluate locally available pectin rich agrowastes, viz.
lemon peel, sorghum stem and sunflower head, as substrates for the production of pec-
tinase by Aspergillus niger DMF 27 and A. niger DMF 45 in submerged fermentation (SmF)
and solid-state fermentation (SSF) systems, respectively. The maximum amount of endo-
(4.8 U/g) and exopectinases (17.2 U/g) was obtained from sunflower head followed by
lemon peel (endopectinase 2.0 and exopectinase 10.2 U/g) in solid-state system. The in-
creased level in the production of pectinases was noticed when the agrowastes were sup-
plemented with additional carbon and nitrogen sources, and supplementation of sucrose
was more effective than glucose in SSF. But, glucose yielded more pectinases in SmF.
Among the nitrogen sources, ammonium sulphate raised the production level of pecti-
nases from all the substrates in both SmF and SSF systems.
Key words: agrowastes, pectin, A. niger, submerged fermentation, solid-state fermentation,
pectinase
Introduction
Pectinases are widely used in the food industries es-
pecially in the processing of fruits and vegetables (1)
since they decrease the viscosity of juices and facilitate
extraction, maceration, liquefaction, filtration and clarifi-
cation processes. Pectinases are also used in the indus-
trial processing of wine, coffee and tea fermentations
(2). Production of enzymes from agrowastes could be
important because they contain large amounts of cellu-
lose, hemicellulose and pectin, which could serve as in-
ducers for the production of cellulase, xylanase, and
pectinases, respectively. Several agrowastes, mainly cit-
rus peel (3), apple pomace (4) and coffee pulp (5) have
been studied for the production of pectinases.
Submerged fermentation system has been exten-
sively employed for the production of enzymes and to
understand physiological aspects of the synthesis of the
enzymes. However, SSF is mainly being advocated (6,7)
to improve the production level of enzymes, because of
several advantages over the SmF (8,9). Microorganisms
are widely accepted as the best sources for the produc-
tion of enzymes from agrowastes. Though bacteria are
known to produce industrial enzymes, fungi are desired
for the production of enzymes because their nature is
generally regarded as safe (GRAS) (10). Recently, the pro-
duction of pectinases from agrowastes (11–13) by fungi
has been described as more attractive. Therefore, an at-
tempt was made to examine the utility value of pectin
rich regional agrowastes for the production of pectina-
ses by A. niger in both SmF and SSF systems. The effect
of the addition of carbon and nitrogen sources on the
production of pectinases was also studied.
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Material and Methods
Substrates
Lemon peel, sorghum stem and sunflower head were
obtained locally and were air dried, ground (particle
size 300 µm) and autoclaved at 121 °C for 15 min. The
pectin content of all these substrates was determined by
gravimetric method (14).
Cultures
Two strains of Aspergillus niger, DMF 27 and DMF
45, were used for the production of pectinase in SmF and
SSF, respectively (15). These were maintained on potato
dextrose agar containing pectin and preserved at 4 °C.
The spores were harvested from 96-hour-old cultures,
grown at 30 °C in 0.01 % Tween 80 solution.
Fermentation
SmF was carried out in 250-mL Erlenmeyer flask by
taking 100 mL of pectin medium containing (in g/L):
(NH4)2SO4 0.1, MgSO4·7H2O 0.5, KH2PO4 0.5, and FeSO4·
·7H2O 0.0005 (16). pH of the medium was adjusted to
5.0. After sterilization at 121 °C for 15 min, flasks were
cooled, inoculated (1·105 spores/mL) and incubated on
rotary shaker (200 rpm) at 30 °C. SSF was carried out in
250-mL flat bottom shallow glass container. The compo-
sition of the medium (by mass) was similar as above.
The initial moisture content of the substrate was ad-
justed to 60 %. The pH and inoculum size of the me-
dium were adjusted to 5.0 and 1·107 spores/g, respec-
tively. The flasks were incubated at 30 °C for 72 h. The
substrates were used independently in SmF and SSF to
achieve 2 % pectin based on their natural amount of
pectin.
Enzyme assay
The filtrates obtained from the flasks after incuba-
tion were stored at 4 °C for enzyme assay (17). Polyga-
lacturanase activities were measured at 45 °C by visco-
metry (18) for endopectinase and by release of reducing
sugars (19) for exopectinase. For endopectinase, a suit-
ably diluted 1-mL sample was mixed with 18 mL of 2 %
pectin in 0.1 M acetate buffer (pH=4.5), and the reduc-
tion in viscosity was monitored using Ostwald viscome-
ter. Endopectinase unit (U) was defined as the amount
of enzyme that reduces the viscosity of the solution by
50 % per minute under the conditions mentioned above.
For exopectinase, a suitably diluted 0.3-mL sample was
added to a solution containing 1 mL of 0.9 % of sub-
strate and 0.7 mL of 0.1 M acetate buffer (pH=4.5). Re-
ducing sugars were determined from the samples incu-
bated at 45 °C for 30 min by dinitrosalicylic acid (DNS)
method using galacturonic acid as reference. The quan-
tity of the enzyme that liberates one micromole of galac-
turonic acid per minute under conditions mentioned
above was defined as one exopectinase unit.
Results and Discussion
The experiments were conducted in triplicates and
the results presented are the mean values. The pectin
content of lemon peel, sorghum stem and sunflower
head were 18.7, 12.8 and 21.4 %, respectively. Figs. 1 and
2 show the productions of pectinases from agrowastes
by A. niger in SmF and SSF. The maximum amount of
pectinase was produced from sunflower head, followed
by lemon peel and then sorghum stem. Similar trend in
the production of pectinase was observed in SSF system.
The maximum level of pectinase production was achieved
at 72 h in both systems, irrespective of the type of agro-
wastes employed. The exopectinase activity was higher
when compared to endopectinase activity in both sys-
tems with all substrates.
In general, any fermentation system is regulated by
mainly physicochemical and nutritional factors. The nu-
tritional parameters could be effectively monitored in
the process for the maximum production of end product
keeping physicochemical parameters as constant. Figs.
3–6 show the effects of the addition of glucose and su-
crose as sources of carbon on the production of pecti-
nases from all the substrates in SmF and SSF systems.
Glucose induced the higher-level production of pecti-
nase at 6 % concentration, whereas the requirement for
sucrose was 8 % in both systems for all three substrates.
Relatively higher amount of pectinase production was
recorded in SmF with glucose when compared to su-
crose, which yielded higher amount of pectinase in SSF
system. The effects of glucose and sucrose on the pro-
duction of pectinases in SmF and SSF have also been
previously reported (20,21).












































































Fig. 2. Production of pectinases from agrowastes by A. niger in
solid-state system
Figs. 7–10 indicate the effects of ammonium phos-
phate and sulphate as nitrogen sources on the produc-
tion level of pectinases in SmF and SSF systems. The
maximum activity of pectinases was recorded at 0.3 %
concentration in all three substrates in both systems.
Ammonium sulphate and potassium phosphate have
been reported to have no influence on the production
of pectinases at lower concentrations (22). Of the both
nitrogen sources in the present study, ammonium sul-
phate had greater influence on the production of
pectinases from all the substrates in SmF and SSF sys-
tems.







































Fig. 3. Effect of glucose on the production of pectinases from


































Fig. 4. Effect of glucose on the production of pectinases from






































Fig. 5. Effect of sucrose on the production of pectinases from


































Fig. 6. Effect of sucrose on the production of pectinases from






































Fig. 7. Effect of ammonium phosphate on the production of





































Fig. 8. Effect of ammonium phosphate on the production of






































Fig. 9. Effect of ammonium sulphate on the production of
pectinases from agrowastes by A. niger in submerged system
Conclusions
The potential of pectinases solely as food enzymes
is well known in the biotechnological industries because
of their myriad applications. The production of these en-
zymes from agrowastes by fungi in solid-state system
could not only be cost effective but it could also offer se-
veral process merits. Sunflower head and lemon peel
largely available in the region could be effectively used
as substrates for the production of pectinases. The re-
sults also showed that SSF could be advantageous over
SmF for this purpose.
Acknowledgement
S.R.P. is grateful to the PG Department of Microbi-
ology, Gulbarga University for providing facilities to
carry out the present work as part of PhD programme.
References
1. J.R. Whitaker, New and future uses of enzymes in food
processing, Food Biotechnol. 4 (1990) 669–697.
2. R. Begelis: Carbohydrates. In: Enzymes in Food Processes, T.
Nagodawithana, G. Reed, S. Taylor (Eds.), Academic Press,
London, UK (1993) pp. 121–158.
3. E.F. Jansen, L.R. MacDonnell, Influence of methoxyl con-
tent of pectic substances on the action of polygalacturo-
nase, Arch. Biochem. 8 (1945) 97–112.
4. R.A. Hours, C.E. Voget, R.J. Ertola, Apple pomace as raw
material for the pectinases production in solid-state cul-
ture, Biol. Wastes, 24 (1988) 147–157.
5. F. Boccas, S. Roussos, M. Gutierrez, L. Serrano, G.G. Vini-
egra, Production of pectinases from coffee pulp in solid-
-state fermentation system: Selection of wild fungal isolate
of high potency by a simple three steps screening tech-
nique, J. Food Sci. Technol. 31 (1994) 22–26.
6. A. Blandino, T. Iqbalsyah, S.S. Pandiella, D. Cantero, C.
Webb, Polygalacturonase production by Aspergillus awamori
on wheat in solid-state fermentation, Appl. Microbiol. Bio-
technol. 58 (2002) 164–169.
7. A. Pandey, P. Selvakumar, R.S. Carlos, N. Poonam, Solid-
-state fermentation for the production of industrial en-
zymes, Curr. Sci. 77 (1999) 1153–1169.
8. F.M. Rombouts, W. Pilnik: Pectic Enzymes. In: Microbial
Enzymes and Bioconversion, A.H. Rose (Ed.), Academic Press,
London, UK (1980) pp. 227–282.
9. O.P. Ward: Hydrolytic Enzymes. In: Comprehensive Biotech-
nology, H.W. Blanch, S. Drew, D.I. Wang (Eds.), Pergamon
Press, Oxford, UK (1985) pp. 819–835.
10. A. Sumantha, C. Sandhya, G. Szakacs, C.R. Soccol, A. Pan-
dey, Production and partial purification of a neutral me-
talloprotease by fungal mixed substrate fermentation, Food
Technol. Biotechnol. 43 (2005) 313–319.
11. F.C. Sebastian, A.A. Jorge, A.H. Roque, Pectinase produc-
tion profile of Aspergillus foetidus in solid-state cultures at
different acidities, Biotechnol. Lett. 18 (1996) 251–256.
12. G. Augilar, C. Huitron, Constitutive exo-pectinase produced
by Aspergillus sp. CH-Y-1043 on different carbon sources,
Biotechnol Lett. 12 (1990) 655–660.
13. M.E. Acuna-Arguelles, M. Gutierrez-Rojas, G. Viniegra-Gon-
zález, E. Favela-Torres, Production and properties of three
pectinolytic activities produced by Aspergillus niger in sub-
merged and solid-state fermentation, Appl. Microbiol. Bio-
technol. 43 (1995) 808–814.
14. S.R. Ranganna: Manual of Analysis of Fruit and Vegetable Pro-
ducts, Tata McGraw-Hill Publ. Co. Ltd, New Delhi, India
(1979) pp. 634.
15. S.R. Patil, A. Dayananad, Optimization of process for the
production of fungal pectinase from deseeded sunflower
head in submerged and solid-state conditions, Bioresour. Tech-
nol. (in press).
16. S. Solís-Pereyra, E. Favela-Torres, G. Viniegra-González, M.
Gutiérrez-Rojas, Effect of different carbon sources on the
synthesis of pectinases by Aspergillus niger in submerged
and solid-state fermentation, Appl. Microbiol. Biotechnol. 39
(1993) 36–41.
17. S.R. Patil, A. Dayananad, Production of pectinase from de-
seeded sunflower head by Aspergillus niger in submerged
and solid-state conditions, Bioresour. Technol. (in press).
18. N.P. Ghildyal, S.V. Ramakrishna, P.N. Devi, B.K. Lonsane,
H.N. Asthane, Large-scale production of pectinolytic en-
zyme by solid-state fermentation, J. Food Sci. Technol. 18
(1981) 248–251.
19. G.L. Miller, Use of dinitrosalicylic acid reagent for deter-
mination of reducing sugar, Anal. Chem. 31 (1959) 426–428.
20. S. Solís-Pereyra, E. Favela-Torres, M. Gutiérrez-Rojas, S. Rous-
sos, G. Saucedo-Castañeda, P. Gunasekaran, G. Viniegra-
-González, Production of pectinases by Aspergillus niger in
solid-state fermentation at high initial glucose concentra-
tions, World J. Microbiol. Biotechnol. 12 (1996) 257–260.
21. G. Augilar, C. Huitron, Stimulation of the production of
extracellular pectinolytic activities of Aspergillus sp. by ga-
lacturonic acid and glucose addition, Enzyme Microb. Tech-
nol. 9 (1987) 690–696.
22. R.A. Hours, C.E. Voget, R.J. Ertola, Some factors affecting
pectinase production from apple pomace in solid-state cul-
ture, Biol. Wastes, 24 (1988) 147–157.






































Fig. 10. Effect of ammonium sulphate on the production of
pectinases from agrowastes by A. niger in solid-state system
